Vector Meson Dominance (VMD) was invented in order to describe the interaction of electrons with hadrons (the rho meson and pions). The method has been used also as a tool in the study of Technicolor phenomenology. Nevertheless there are evidences in the sense that, even in its original, context VMD is not completely realized. In this work we investigate the consequences of a deviation from complete VMD for the phenomenology of colored technihadrons. We focus specially on the production of the color octet technirho and color triplet technipions. We found that a relative small direct coupling of the proto-technirho to quarks is enough to suppress or even eliminate the interaction among quarks and the physical technirho. On the other hand, it is possible to suppress the coupling of the physical technirho to technipions but in this case a large interaction among the technipions and the proto-gluon must be introduced. The consequences for the limits on the mass of the color octet technirho are also investigated. * alfonsozerwekh@uach.cl
Introduction
We do not know what mechanism has been chosen by Nature to break the electroweak symmetry. There is general agreement in the sense that the Higgs sector of the Standard Model is incomplete and new Physics must exist at the TeV scale in order to explain the origin of electroweak symmetry breaking. An appealing possibility is that a new strong interaction breaks the electroweak symmetry through the formation of a condensate of new fermions which is not a singlet of the electroweak symmetry group. This hypothetical new interaction is generally called Technicolor. In general, Technicolor models have a rich spectrum of composite pseudoscalar and vector states. Some non-minimal models predict the existence of colored technihadrons such as color octet technirhos and color triplet technipions. They are the focus of this work.
Because Technicolor is a strongly coupled theory, it is necessary to use effective methods in order to study its phenomenology. In general, the methods that have been proved useful in the description of the properties and interactions of usual hadrons are also used in the study of technihadrons. One of such methods is Vector Meson Dominance (VMD).
VMD it was invented in order to describe the interaction of electrons with hadrons (the rho meson and pions). In this scheme the electron interacts directly only with the (proto-)photon while the pion interacts directly only with the (proto-)rho meson. The interaction between electrons and pions is made possible by a mixing of the (proto-)photon with the (proto-)rho. In a similar way, it is assumed that the normal fermions interacts with technihadrons through a mixing of the Standard Model gauge bosons with the vector technimesons.The first studies of the color octet technirho [1, 2] used a generalization this scheme to color interaction.
Nevertheless, some deviations from complete VMD occur in its original context [3, 4] . In this work we investigate the consequences of deviations form complete VMD (which we will call partial VMD) for the production of a color octet technirho and a pair of color triplet technipions.
General Framework
As was previously shown [5] , the mixing of the color octet technirho with the gluon can be described by the Lagrangian: This Lagrangian is invariant under SU(3) C provided that the fields transform as:
Notice that the fieldsG andρ are not physical fields because they are not mass eigenstates. We call them the proto-gluon and the proto-technirho, respectively. The physical fields can be written as :
where α is given by
As usual, we estimate the value of α scaling up the mixing between the photon and the usual rho meson obtained in normal VMD:
where N T C is the number of technicolors. As usual, we set N T C = 4. When the Lagrangian (1) is written in terms of the physical fields, we find that there is no coupling between a color octet technirho and two gluons [5] . Nevertheless, it has been shown [6] that an operator with dimension six exits that couple a color octet technirho to two gluons. This operator may be written as:
Of course we do not know the value of the constant c 2 and hence an important uncertainty exists about the contribution of this operator. For simplicity, we work in the pessimistic limit assuming that the constant c 2 is small enough to make this contribution negligible. In fact, at the Tevatron this term is not important due to the low gluon luminosity at large partonic center-of-mass energies [7] . However, this term is crucial for the study of the color octet technirho phenomenology at the LHC. In this case, a good estimation of c 2 based on dynamical calculations would be very valuable, but this analysis is beyond the scope of this work.
Color Octet Technirho Coupling to Quarks
Now we want to couple these fields to quarks. In normal VMD, this is done assuming that the quarks only interacts with the proto-gluon. Nevertheless, because both, the proto-gluon and the proto-technirho, transform like gauge fields, it is possible to write a covariant derivative with both fields:
In this way, we introduce a direct coupling between the quarks and the prototechnirho which strength is measured by the parameter x. This kind of direct coupling can be produced by Extended Technicolor although in this case it must be proportional to the quark mass and, hence, small. Nevertheless because we do not know exactly all the properties of the underlying (Extended) Technicolor theory, we can not ignore the possibility that a more important coupling can be generated. When Lagrangian (7) is written in terms of physical fields we obtain:
where g =g cos α = g ′ sin α is the usual QCD coupling constant. Notice that the coupling of the gluon to quarks is the usual one and it is independent of x. On the other hand, the coupling of the physical color octet technirho not only depends on x, it vanishes for x = sin 2 α. That means that a relative small deviation from normal VMD can produce the decoupling of the physical technirho from quarks. Of course this effect has important consequences for the present mass limits obtained at the Tevatron.
Dijets Production at the Tevatron
In order to evaluate the effects, on the technirho phenomenology, of such a modification of the technirho-quark interaction, we compute (with the help of LanHEP [8] and CalcHEP [9] ) the cross section for the resonant production of dijets at the Tevatron and we compare it with the experimental limits obtained by the CDF collaboration for a luminosity of 106 pb −1 (Run I) [10] .
We use the CTEQ6L [11] parton distribution function, √ s = 1800 GeV and we implement the following kinematical cuts: |η| < 2.0 for both jets (9) and | cos θ * | = tanh
where η is the jet pseudo-rapidity. As we have already said, we work in the limit where the color octet technirho does not couple to two gluons, hence it is produced only by quark fusion. For this reason, we do not interpret the experimental results as limits on the color octet technirho mass, but as limits on the x parameter. The results are shown in figure 1 . The curves represent the 95% C.L. limits on x and the region between them is allowed.
Notice that a value of x as small as 0.07 is enough to render the color octet technirho invisible in its whole mass range.
Technipions Pairs Production
Another interesting process is the production of colored technipions. In this section we focus on the production of the color triplet ones. In the One Family Technicolor Model, there are four color triplet technipions which we denote generically by π 3 . We assume that all of them have the same mass. In an exact analogy with the previous case, the Lagrangian may be written in terms of our extended covariant derivative:
where 
Notice that the couplings of the physical gluon to technpions are independent of y and are exactly the same ones we would obtain in scalar QCD. On the other hand, the coupling of the physical technirho depends on y but it is suppressed only if y ≈ cos 2 α. That is, a large proto-gluon to technipions coupling is needed, what, in principle, seems unnatural.
Of course, the technirho production still can be suppressed by the mech-anism discussed in the previous section, and then the technipion pair production would become non-resonant. Under this conditions, we compute the technipion pair production cross section for √ s = 1800 GeV as a function of the technipion mass. The result is shown in figure 2 . In general, the present limit for the production cross section of a pair of color triplet technipions is σ(pp → π 3π3 ) < 0.5 pb [12] and our results satisfy this limit for M π ≥ 200 GeV 
Conclusion
We have written down the more general Lagrangian (using operators with dimension up to four) that describes the interaction of the the color octet technirho with quarks, gluons and colored technipions. Our Lagrangian deviate from the usual implementation of Vector Meson Dominance because it includes a direct coupling of the technirho to quarks. We found that the coupling of the physical technirho to quarks is modified in such a way that it can be significatively suppressed with respect to the usual expectations of normal VMD. In fact, we compared our predictions to experimental data from the CDF Collaboration and we found that a relative small direct coupling can render the color octet technirho invisible. This effect has consequences also for the pair production of colored technipions, which becomes non-resonant. Nevertheless, the data obtained at the Tevatron exclude the existence of color triplet technipions for M π < 200 GeV.
